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THE NEW TRANSONIC AND SUPERSONIC WIND TUNNEL

OF THE AERODYNAMIC INSTITUTE

G. Freytag

i. Introduction

/233** i

The German Research Association (Deutsche Forschungsgemeinschaft)

authorized a wind tunnel for the fundamental research work of the

Aerodynamic Institute within the scope of the special research

area 83. This tunnel can be operated at subsonic and supersonic

as well as at transonic velocities. The dimensions of the test-

ing cross section are 40 x 40 cm 2 and the maximal attainable

airflow times are around 8 seconds. Although several new tunnel

types [i] are being tested at the present, especially for trans-

sonic velocities with the objective of achieving high Reynolds

numbers, the new tunnel of the Aerodynamic Institute operates

with steady state atmospheric conditions and has a conventional

design. The suction operation applied in it contains some details

of technical interest which will be described below.

The tunnel project work was carried out under the supervision

of prof. Naumann. His extensive experience in the design and

planning of wind tunnels constituted a welcome help for the

author during the preparation of this paper. In the construc-

tion, knowledge and experience of the appropriate literature [2]-

[15] were utilized; these are listed at the _nd of the paper.

2. Project Work of the Tunnel

* Certified Engineer, scientific assistant of the Aerodynamic
Institute of the Rheinisch-Westf_lische Technische llochschule

(Rhineland-Westphalia Technical Universit,,,) Aachen.

** Numbers in the marg±n indicate pagination in the foreiqn text.

i \
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Because of the existing tank and compressor installations,

the tunnel can be operated only intermittently in the total
3

velocity range. Four tanks with a total capacity of 380 m

for pressures up to 13 bar are available to the Institute,

as well as two Balcke rotary compressors with an output of
a total of about 3200 Nm3/h in suction operation up to about

99% vacuum, or about 3600 m3/b in pressure operation to about

9 bar, and a Demag screw-type compressor with an output of about

4700 m3/h in suction operation (referred to 0,i bar and 20°C

suction intake condition) up to about 94% vacuum or about 5100
3

m /h in pressure operation up to about ii bar.

For these data a research project for suction operation and

a second one for pressure operation have been prepared to consider

the requirements for a test chamber with the largest cross section

possible and witn sufficient air-flow tim_s. These are outlined

briefly in the following.

,I . _ 3 Suction Operation

' Suction o_eraticn 4 ta_ks 695 m3

%1 PreBsure _perat_ion i ta_nk
j During the intermittent

t suction operation the test

_\ air is su_ked from the atmos-

\ phere through the working

!ati°n_,_ section into an evacuatedPressure Ol

_ _._ _ !\ tank. Thus the possible air-
"-' ' flow times are determined by i

I _art _.i_h in_ector

Pressu_.e op a_on !,,_ I the size of the available tank
__L_ i _ \_._.,!','_:a:I capacities. Computations of

\ \, I
'." .- --_'_. _ :\+ ..... _- , the air-flow times--their re-

--showed that with the exist-

..........V , • -- , in,! tank installations for a

Fig. I. A_r-flow times of a testing cross section of 40 x 40
40 x 40 cm wind tunnel with- 2

out losses, cm about 8 seconds can be

2
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can be achieved up to a Mach number (critical velocity ratio)

0f M= 3,5. These computations do not take into account the flow J

structure and losses in the tank installations. Because this

cross section and the ;nentioned air-f]ow time are sufficient for |

Jthe tasks to be performed in the Insitute, further project work

with these data. '
was performed

J
I

A tank with a capacity of about 380 m 3 at the tunnel end was ' I

assumed for the computation of the air-flow times in figure i. i

The tank installation of the Aerodynamic Institute, however,

consists of 4 tanks with a capacity of about 95 m 3 each; 3 of i

these are connected through connection lines with the suction

tank. Due to the low initial pressures in the tanks, the flow

in the connection lines may block at cross sections which are

too small, so that the penetrated air weight does not rise de-

spite the increasing pressure in the suction tank. Therefore

the flow in the wind tunnel cannot be maintained for as long

as with a tank of the same size. The correction of the thus
2

caused loss of airflow time was performed with the 15 x 15 cm

wind tunnel of the Aerodynamic Institute and to assure the

extrapolation on the 40 x 40 cm 2 tunnel additionally with a
2

pilot tunnel with a cross section of 30 x 30 cm . In these

tests the chronological pressure course in the suction tank

was measured when none, one, two or three more tanks were con- /234

nected. Based on the test results, figure 2 reproduces the

chronological pressure courses for the pilot tunnel: the dia-

meter of the connection lines was 500 mm. If only the suction

tank is connected, the pressure rise is almost linear. It _s

evident from the ascending curve that the tank filling lies

between isothermal and adiabatic state change. If no blocking

would occur in the connection lines, tt,e course of the filling

curves for 2, 3 and 4 connected tanks also should be a]most

linear, and the curves should differ in the s]ope only. ]'i_jure

2, however, shows that effective overflow occurs _mly ab_w,

1976014134-TSA06
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Fig. 2. Pressure courses in the suction tank

_hroughout the air-flow time for 30 x 30 cm 2

Pilot tank channel (connection lines NW 500).

about 300- 350 torr. This filling behavior of the tank installa-

tion has unfavorable effects, in particular with higher Mach

numbers, as the tank pressure at which the flow in the tupnel

collapses decreases more and more with rising Mach numb_ _ .

Though the rate of airflow decreases with the Mach number

(Fig. 3) and thus makes possible a longer air-_low time, the

connection lines between the tanks had to be enlarged in order

to allow for air-flow times of sufficient duration.

The relatively low Reynolds numbers which occur during the

suction operation, due to the low density in the working section,

are of disadvantage. In figure 5 the attainable Reynolds numbers

are plotted over the Math number. The tunnel heiqht 1 = 40 c_, and I o 20

cm were each used once as reference length because the model dimensions

--in particular in the transonic velocity range--must be substanti nlly

I

1976014134-TSA07



• _'_ ............ _ ............ t_ _"_ ...... :_ smaller than the tunnel71 , height. For Ma___chnumbers

' / / I X i ' >1.4, half the measuring
b. J

'[ ..... /_;._' ' .......... ' ......... _" rhombus length is selected

I //_r._,'_ i as reference length.

A\\ ! i ':Because the air must I

be dried before entering

__. the tunnel in order to avoid

condensation, a drying filter

element was designed which

,o ,_ ,0 ........0 operates with silica g_ as

Fig. 3. Rate of air-flow for adsorption agenh. The re-
different dimensions of the
test chamber, quired gel quantity amounts

to about 9000 kg.
i

.

I

The application of cryogenic drying was excluded due to ex-

cessive cost.

I

4. Pressure OQeration

In tile second x'esearch project the tunnel was laid out as a

pressure tunnel. Contrary to the suction tunnel where steady

state pressure and steady state temperature remain almost constant

during the entire test time, in the pressure tunnel both values

must be regulated befo::e the air enters the tunnel. The steady /235

state pressure is regulated with a valve. The steady state tem-

perature may be regulated once by maintaining the test air during

the measuring time at ambient temperature. This requires only

minor effort because only the decrease of temperature in the

i pressure reservoir caused by the pressure drop must be compersated.

At the given tunnel and tank dimensions, about 500k_! ()!'h(_at d(,Cllmlh[_r"

material (for instance aluminum) with a volume of about 0,2 m 3

would be required, which can be stored in a tank used as a quiescent

tank. Another possibility to regulate the steady state temperature

[
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S _

requires more effort; it allows, however, for a certain variation

of the Re_nolds number. The test air is heated; thus the condensa-

tion at high Mach numbers is impeded. This type of temperature

control is used in all hypersonic tunnels; it may be provided

for a later improvement of the test installations.

The Balcke rotary compressors at the Institute produce--as

mentioned above--maximal pressures of 9 bar. However, at high

Math numbers or large Reynolds numbers higher pressures may be

required. In that case, a tank set is loaded with a volume of

24 m 3 through two high-pressure compressors of the Institute

(to 350 bar), and the tanks surged to 9 bar are brought to their

allowable extreme pressure of 13 bar by this set.

Figure 1 shows that substantially longer air-flow times can

be reached in pressure operation than in suction operation. At

a pressure of 9 bar the air-flow times for one pressure reservoir

tank alone are about 15.5 sec at M= 1 and about 12.9 sec at M= 2.5.

At 13 bar the respective air-flow times amount to 24.5 sec or

25 3 sec.; however, they drop down to zero at relatively low

Mach numbers (M= 3.2 or 3.6). This disadvantage can be avoided

with the aid of an injector at the start of the tunnel. The air-

flow times attainable with this device cannot be computed due to

the unknown efficiency factors of the injector. The estimated

course is plotted in a broker line in figure i. It was assumed

that the start injector is connected as of M= 2.8 at a pressure

of 9 bar and as of M= 3 at 13 bar. This way it would be also

possible to attain Mach numbers of about 4.5. At a reference

length of 1 = 40 cm the maximal Reynolds number amounts to about
6

14 • i0 .

The above mentioned advantage of the pressure operation is

opposed, however, by decisive disadvantages. Because the !}alck9

compressors do not produce compressed air which is free of oi I,

f
nn ! -_

m
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the oil mist would always stain the _bservation window; this

would also substantially complicate the optical measurement of

air-flow fields. There is another disadYantagu in the ]orm ()f

pressure disturbances which--caused by the control valve--may

falsify measurement of unst, b]e air-flow actions (for instance
/

surge fluctuations). Since in addition he these d]sadvanta_jes . '_

a 20% higher production expense _esulted, it was decided to

use suction operation.

5. Wind tunnel design

The upper part of Figure 4 shows the tunnel for subsonic and

supersonic operation. For transonic operation a transonic chamber

(d) with perforated walls is inserted behind the Laval nozzle (c) /236

(figure 4, lower section). A provided air dryer is flanged before

o b ¢ • f 9 h :-',m

: ,' !Itttr,-
', IIIIII_

0 • ) t , ,

1 Subsonic and supersonic operation

I ItI - ",, , I _lllIlt- :]_
• +, II . I . +1 , ._

_ _i,,_J_l:......... g+,. ,. _ +_+,,.,__ .................. _,.,,++._.. +_.+..-.-+-:-+.-,....
+.

2 Trarsonic operation

Fig. 4. Wind tunnel arrangement (layout)

a: Antechamber adapter [: ]]Jlamellar d_f[usor

b: Antechamber ¢!: P[xed diffuser

c: l,aval nozzle h: Telescopic tube

d: Tt+ansonic chamber i: Quick-action stop valve

e: Free jet chamber k: Slidinq cylinder

++ + _

i ,,_. a___ +

II ( -'"
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the antechamber adapter (a) ; behind the quick-action stop valve

(i) the vacuum tanks. The total length between these two pt)ints

is 16.3 m. The model is attached to a model support in tl)_' fret2

jet chanfl>el? (e). A high-speed closure is installed at the for-

ward end of the chamber; after opening this closure the rear
,i

section of the tunnel is moved about 2.5 m backwards by the slidinq '_

cylinders aktached at tile bottom (k) on rails, in doing so,

the fixed diffuser (g) is slid into the telescopic tube (h). J

When closed, the gap between fixed diffuser (g) and telescopic

tube (h) is sealed off by an inflatable labyrinth box. The in-

stallation of the transonic chamber (d) is scheduled in such a

way that the optics must not be moved. The Laval nozzle (c) is

movable too and the antechamber (a and b) is divided into two

parts. The antechamber adapter (a) is of the same length as

the transonic chamber and is removed during conversion to tran-

sonic operation; this way the observation windows for the complete

velocity range always remain in the same spot. Thus, a read-

justment of the optical systems is avoided. In order to prevent

vibrations of the tanks, caused by the inflow of the test and

opening of the quick-action stop valve, from being passed into the

tdnnel, the point of reference of the tunnel was placed at the

antechamber. A connection to these parts exists only through the

infl_ted seal at the telescopic tube.

5.1 Laval nozzle

The Lava] nozzle (c), manufactured by the Hausammann

and Isler company (Z11rich), is designed as a continuously

adjustable nozzle. The adjustment covers a Mach number

rang_ from M= 1 to about 5 and is carried out through a

hydraulic cylinder which can be activated by a serve system

installed at the sidewall of the nozzle.

The nozzle contour is produced with one fi×ed swivel

nozzle block (top and bottom) and flexible sheet metal I,apels

8

b

i , , i ii
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_/"_l, tlalf m_N_surJng rhombus length ,

J.10_

0
0 t 2 2 _ _ _4 S

Fig. 5. Maximal Reynolds numbers attainable.

which are attached to the back end of the nozzle blocks.

The panels are held in position by six support levers each.

Fixed nozzle platforms are attached at the ends of the panels.

The support levers are adjusted in such a way that the flexible

sheet adjusts with its elastic line so that the nozzle contour

for the desired Mach number results in the working sectic, n.

The support lever paths are contr_'lled on top and bottom with

six rocker arms which are attached to a rod which can be moved

by a hydrau].ic cylinder. So that the lever system iies rigidly

against the rockez arms, it is pressed by the pneumatic cylinder

against the rocker arms.

5.2 Free jet chanLber and model support

Downstream of the Laval nozzle (c) or the tr,nls_ll]c

chamber (d) the free jet chamber (c) is flangeu with a high-

speed closure. The model support which is suspended in the

9

0
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fre_ jet chamber (llausammann and Islor company, Zurich)

cons i, sts of a model holder witll a slid[ntj antjlc, device

which can be adjusted in transw, rsa] direction t_, the

flow direction by 190 ram, a11d in the direction of flow

by !65 frail; illltl _)f _i lHIi,llllldtie allclle-oli-inc:idt,l_c_,

/i
adjustm.mt d_,vic_,. ','he anglc,-of-incide,_ec, adj,lst[nrj d¢_,vie¢,

operates with differc:ntia] c'ylinders connected in series
I

whie|, can be fille¢] on both sides witll compressed air. 'l'he

i¢:ngth of the cylinders is dimensioned to shift the model

holder which moves on a circular path by establisi%ed angle

gradings. Tile following graduations are possible: One 237

cylinde_ each for 1/2 .i .2 and 4 and four cylinders for

8 adjustment angles. This results in a total adjustment

angle of 39, 5. The cylinders m_y be filled either on one

or on the other piston side with compressed air in such a

way that any angle can be adjusted in graduations of half

a dagree between 0 and 39.5. The drive of the cylinders

with compressed air is carried out through sc.lenoid valves,

which are mounted on the model holder and can re controlled

electrically from the exterior. A control unit performs

the code conversion of the angles-of-incidence to be set

to the required control operations of the solenoid valves.

The maximal adjustment speed of the mode] support

amounts to 20/see; this high speed has been selected due

to the relatively short air-flow times. It can be reduced

by an adjustable attenuation. The angle-of-incidence range

can be run through by steps or centinuously with adjustable

speed.

Furthermore, the control un.it shoul.d be cou})led with

a process control computc, r (with the model DI,'.CPDP 8 nvail-
able in the Aerodynamic Institute) so that a test; data pro-

cessing can be performed duLing or after the test.

m,

i
!

= o
' _ ..... _-_ ................ =, ,............................. i I I
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5. t Diffuser

A bilamel, lar _lLf[usor (f:) with an oxlr_,lut, ly tl,lrr()W ,J(tju';t-

,!bl._ cros:_ section is _;:c_l for the Maeh number sc.,ttinq in

the supc, rson h" opt,rat ion. 'l'ho ,_djuqtmont i s carrie, out ,,[
L_

through tt hydraulic cylinder with st:rye drive so that tim

dkffusor cross section ca,: be adjust_,d to tilt;el)oration I

position after the start ell the tunnel, q'he bilamellar

Ciffusor, which compared with the fiY,ed diffuser is more

expensive, has been selected as it ali ows for longer air-

flow times. Tile air-flow times to be expected for both

diffuser types are compared in figure 6; zero is alreafly

reached at M= 4.1 fo_ the fixed diffuser. Fcr comparat:;.'_-.

purposes the computer air-flow times for a model with

('..l'_,_'_k: 0.04 are also p]otted.

As the test jetM,Xle,' C,, &_l. :_,

in the free jet ch:.,mber_,....
, I I is routed laterally

,',- ,' _ gilamel 1.ar d_ f[u_or
,L_ / ,_, in _4tarting bosition only, tile diffuser has, ____w_...._ . .. .

t ...... F'-_, -:_ N,I . , t been designed in such
• _, ,_ "_.WI thoutl

[ t!ixed @i.ffus_r.'_;,_. _odel a way that the capture

' :h modU?_ cross section of the
,_' diffuser may be changed, .. _ _- .._

Fig. 6. Air-flow times with dif- by a venturi at tile ex-

ferent diffusers (without anl with retie:. Another gap is
model) for a 40 x 40 cm 2 wind tun-

located at tile back end
nel in suction operation wJtll es-
timated losses, of tile dLfll,:;or which

establishes a connect ion ,,

to the environmental chamber. The environmentoJ chamber ,ibov,2

or below the diffuser panels is conrmct(;d to the" .rre(; jet: cl,ambt,r.

Because the gap width can be modified from the outside, with ,,

venturi, the pL'essllre setting con be ad)nsted iu t.h(_'It(,(, i,'t

ci_amber.

II

i
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A fixed diffusor (g) is annexed to the bi]amellar diffusor

which is used for further pressure recovery in supersonic

operation. There the jet adopts the shape of a cylindrical

cross-section. Then follows the telescopic tube (h) with

the inflatable labyrinth box. When the tunnel is opened ,_

the fixed diffusor is moved into the telescopic tube which

is flanged to the quick-action stop valve (i). 1

5.4 Quick-action stop valve

The quick-action stop valve (i) with a nominal width of

800 mm (Hausammann and Isler company), which separates the

vacuum tank installation of the wind tunnel, is designed as a

single-plate valve; it offers substantial advantages as com-

pared to wedge-type flat slide valves. Its face-to-face

dimension of 800 mm is only half of that of the wedge-type

valve; it has only one sealing area directed toward the tank

and no dome which represents a dead volume which must be

sucked into the tank at the start. The valve plate is lighter

an_ can thus be opened faster than the wedge-type valve.

In order to match the tank installation, the valve has been

designed for a pressure of 13 bar. Furuhermore, the valve

had to be designed in such a way as to allow for the whole

diameter of 800 mm to be unblocked within one second. The

valve plate rests on roller bearings on both sides; this allows

for sliding with as little friction as possible. On the tank

side a circular plate is imbedded in the rectangular valve

plate which _eals it off toward the tank. The diameter is

somewhat larger than the tube diameter (800 mm). On the

periphery the plate is sealed with an O-ring against the

valve plate; this way a clearance develops between both

panels which is accessible through a conduct frem the outside.

]if the tanks are evacuated, the gap is filled with atmospheric

pressure through the conduct. This way the panel is }_ressod

]2
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I

onto the sealing surface of the tank. If the valve is to

be opened, the tank pressure is fed into the gap; this

causes the circular plate to be sucked into the valve plate

and to lift from the O-ring seal. This way it is not

necessary to overcome friction at the sealing surface when

opening the valve. After closing the valve, the gap is

again filled with atmospheric pressure. If the tanks are

used as pressure reservoirs, the gap is also connected to

the tanks and thus the circular plate is pressed onto the

seal of the tank.

5.5 Transonic chamber /238

The transonic chamber (d) which can be installed be-

tween the Laval nozzle and free jet chamber consists of the

test jet conduit and four separate environmental chambers

which are arranged around the test jet conduit. The four

environmental chambers can be sucked off separately. The

jet is directed by performated metal panels which are ar-

ranged at the upper and lower side; the currently fixed

sidewalls are replaced at a later date with perforated

sheet metal panels. The perforated walls with a thickness

of 12 mm consist of two sheet metal panels; the inner sheet

is 8 mm thick and the outer sheet 4 mm. The holes are

slanted by a 30 ° anqle against the direction of air-flow

and have a diameter of 8 nun. They are distributed over

the surface in such a way that a maximal average open area

of about 10% results. The outer panel can be moved in

longitudinal direction. This way, the open area can be

modified. In longitudinal direction the perforated panels

can be adjustel by + 1.5.

13
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6. Manufacture of the W_nd Tunnel

The wind tunnel was manufactured by Turbo-Lufttechnik Gmbh,

Zweibr_cken. Laval nozzle, model support and quick-action stop

valve were designed and manufactured by the Hausamman and Isler

_ompany, Zurich. The wind tunnel was installed in the Aerodynamic

Institute at the end of 1974 after a construction time of two

years. The first test runs were performed on December 20, 1974.

t
_ 14
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